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INTRODUCTION
In 1971 Armstrong and J. T. Dutro, Jr., measured and sampled the Clarence River Section, and Armstrong, 1 U.S. Geological Survey. 2 U ni versity of Montreal, Montreal, Canada. H. N. Reiser, W. P. Brosge, and R. L. Detterman measured and sampled the Kongakut River section. These sections are described in this report and are correlated with three stratigraphic sections previously described by Armstrong, Mamet, and Dutro (1970) and three sections described by Mamet and Armstrong (1972) from the northeastern Brooks Range. A foraminiferal zonation for the Lisburne Group in the central and eastern Brooks Range was established by Armstrong, Mamet, and Dutro (1970) and extended by them (1971) to the Lisburne Group of the Lisburne Hills and sea cliffs of northwestern Alaska.
A detailed systematic study and illustrations of the Carboniferous microfossils of the Lisburne Group are given by Mamet (in Armstrong and Mamet, 1975 ) with discussions of their stratigraphic and geographic ranges.
This report extends this microfossil zonation of the Lisburne Group to the Franklin and Romanzof Mountains of northeastern Alaska. The correlated sections project in an east-west direction along the north flank of the Brooks Range, from Clarence River near the Canadian boundary west to the Sadlerochit Mountains, south of the Canning River to Marsh Fork, then finally east to the Romanzof Mountains in the northeastern Brooks Range with a line east to the Kongakut River (figs. 1, 2). The carbonate rock classification used in this report is that of Dunham (1962) .
A detailed historical review of stratigraphic studies of the Lisburne Group can be found in Bowsher and Dutro (1957) and Armstrong, Mamet, and Dutro (1970) . 
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We thank the Naval Arctic Research Laboratory (Barrow), Office of Naval Research, for its logistical support of fieldwork in the summers of1968, 1969, 1970, and 1971 . We are grateful to our colleagues, J. Thomas Dutro, Jr., and William J. Sando, who helped in the preparation of the manuscript and provided critical review. STRATIGRAPHY ENDICOTT GROUP Kekiktuk Conglomerate. -Brosge, Dutro, Mangus, and Reiser (1962) named the basal sandstone beneath the Kayak(?) Shale in northeastern Alaska the Kekiktuk Conglomerate. The type section is on Whistler Creek, near the N eruokpuk Lakes. They found only indeterminate plant fragments within the formation and assigned it a Late(?) Devonian or Mississippian age, but they believed that it represents the basal conglomerate of the overlapping Mississippian sequence. Regionally, the Kekiktuk lies unconformably on strata ranging in age from Precambrian to Middle Devonian (Dutro and others, 1972) . The base of the Kekiktuk Conglomerate is a pebble or cobble conglomerate grading upward to coarse-grained beach or near-shore deposits that in turn commonly grade upward into finer grained paralic sediments. The contact between the Kekiktuk Conglomerate and the overlying Kayak(?) Shale is generally gradational.
Kayak(?) Shale-Mississippian dark-gray to black shales lie beneath carbonate rocks of the Lisburne Group throughout the eastern and central Brooks Range. Bowsher and Dutro (1957, p. 6 ) named these rocks the Kayak Shale, from the type locality on the south side of Mount Wachsmuth, east of Shainin Lake in the Endicott Mountains. The Kayak Shale at its type locality is Early Mississippian in age. Adjacent to and east of the Canning River, in the Arctic National Wildlife Range, a similar black shale occurs between the Kekiktuk Conglomerate and the Lisburne Group. Brosge, Dutro, Mangus, and Reiser (1962, p. 2185) stated ~~this shale is at least in part of Late Mississippian age." They added, ~~Because of geologic structure, this shale can not be mapped continuously into the type Kayak. It might therefore be a discrete unit entirely younger than the Kayak and separated from the Kayak by a disconformity with the Mississippian rocks." Following Brosge, Dutro, Mangus, and Reiser (1962) , the shales in the area of this report are called Kayak (?) Shale.
LISBURNE GROUP
Wachsmuth and Alapah Limestones.-In the Shainin Lake area, Endicott Mountains, Bowsher and Dutro (1957, p. 3, 4, 6) recognized two new formations within the Lisburne Limestone and raised the Lisburne to group rank. The lower formation is the Wachsmuth Limestone, and the overlying one is the Alapah Limestone. Armstrong, Mamet, and Dutro's (1970, figs. 3, 4) Wahoo Limestone. -Brosge, Dutro, Mangus, and Reiser (1962 , p. 2191 -2192 described the type section of the Wahoo Limestone near Wahoo Lake as containing carbonate rocks of both Pennsylvanian(?) and Permian age. In the area of this report, the Wahoo Limestone as mapped by Reiser, Dutro, Brosge, Armstrong, and Detterman (1970) At the outcrops of the Carboniferous rocks on the Clarence River ( fig. 3 ) the oldest unit, the Kekiktuk Conglomerate, rests with a marked unconformity on arenaceous lower Paleozoic limestones (H. N. Reiser, oral commun., 1973) . The basal 3 m of the Kekiktuk Conglomerate is gray to dark-gray sandstones, siltstones, and thin coal beds in 0.3-to 0.5-meter-thick beds.
Above this basal unit, the Kekiktuk Conglomerate is 97 m of dark-gray shales, arenaceous limestone nodules in dark-gray shale, and gray to pale-yellow-brown thin siltstones and sandstones with thin coal beds. Minor amounts of interbedded thin gray argillaceous limestones are present, and a foraminifer-crinoidal packstone occurs 37.8 m above the base ( fig. 4A ).
The contact of the Kekiktuk Conglomerate with the overlying Kayak(?) Shale is picked above the last thin coal bed at about the 100-m level. The Kayak(?) Shale consists of thin-bedded dark-gray shales, siltstones, and argillaceous fine-grained sandstones. Some thin-bedded siltstones and sandstones are reddish brown owing to hematitic cement. The contact of the Kayak(?) Shale with the Alapah Limestone is covered by a talus slope and is arbitrarily picked at about 175 m ( fig. 3) .
The carbonate rocks of the Lisburne Group in this section are commonly altered by tectonic stress, and affected horizons are shown in figure 3 .
The first good outcrop of the Alapah Limestone, found at 198 m above the base, is gray dolomite, formed by 5-to 10-micrometre-size dolomite rhombs, with abundant and well-developed birdseye structures, small lithoclasts, stromatolites, and calcite pseudomorphs of gypsum ( fig. 4B ). The stromatolite zone is 15 to 17 m thick. The sedimentary structures clearly indicate a well-developed intertidal to supratidal facies.
Above the intertidal to supratidal facies, exposures are poor ( fig. 3 ) until about 308m above the base where typical Alapah crinoidal-bryozoan wackestones and packstones with nodular gray cherts are found. Detrital quartz sand is rare as is dolomite above the 250-m level, except for 1-to 3-m-thick dolomite beds at the 371-and 396-m level. The dolomite is formed by dolomite rhombs in the 20-to 30-micrometre size. The Alapah-Wahoo contact is put at the first occurrence of massive limestone and pale-yellowish-orange interbeds at 425 m above the base.
The Wahoo Limestone ( fig. 5 ) is composed partly of tectonically stressed foraminifer-ooid grainstones ( fig.  4C ), coarse-grained foraminifer-ooid lump grainstones ( fig. 4D , E, F), bryozoan-crinoid packstones and wackestones, lime mudstones and pale-yellowish-orangeweathering argillaceous thin-bedded dolomites. Detrital quartz, 50-to 100-micro metre size, is common in the dolomites. Large colonial corals are common in the upper part of the Wahoo Limestone ( fig. 6 ).
The highest beds of the Wahoo Limestone are arenaceous packstone followed by 2 m of yellowishorange-weathering, arenaceous, bryozoan-crinoid wackestone. In the carbonate rocks the detrital quartz sand is 0.1-0.2 mm in size and rounded. The carbonate rocks of the Wahoo Limestone are 11nconformably overlain by Permian grayish-brown argillaceous calcareous siltstones and sandstones of the Sadlerochit Formation.
KONGAKUT RIVER SECTION
The Carboniferous section south of the Kongakut River (figs. 7, 8) is well exposed except that the lower part of the Kayak(?) Shale and older beds are cut out by a fault and covered by tundra.
The Kayak(?) Shale from the base to 134 m is dark-gray fissile shale with a few 3-to 10-cm-thick argillaceous beds and lenses of brown to gray siltstone and fine-grained sandstone. From 134 to 341 m the Kayak(?) Shale is an alternating series of dark-gray shales and dark-gray argillaceous spiculitic . lime mudstones and wackestones ( fig. 4G, H The Permian and Triassic Sadlerochit Formation unconformably overlies bryozoan-crinoid wackestones of the Alapah Limestone.
BIOSTRATIGRAPHY
MICROFAUNAL ASSEMBLAGE ZONES
The microfauna! assemblage zones used in this study have been used by Mamet and Gabrielse (1969) , Mamet and Mason (1968) , and to correlate the Carboniferous of western Canada with the Carboniferous of the northern Cordillera of the United States (Sando and others, 1969) . Dutro (1970, 1971) and Mamet and Armstrong (1972) also used these zones to correlate the Lisburne Group of the eastern and central Brooks Range and the Lisburne Hills region of northwestern Alaska. Detailed systematic descriptions, stratigraphic and geographic distributions, and illustrations of the microfossils of this report , ']' , .. are given by Mamet (in Armstrong and Mamet, 1975) . Microfossil lists for the eastern Sadlerochit Mountains section 68A-4A, 4B and the Egaksrak River section 68A-5 can be found in Armstrong, Mamet, and Dutro (1970) , and for the western Sadlerochit Mountains section 69A-1 , Plunge Creek section 70A-4, 5, Marsh Fork section 70A-2, 3, and the Syncline section 70A-6, 7 in Mamet and Armstrong (1972) .
The Clarence River section 71A-1, 2 and Kongakut River section 71A-3, 4, 5, 6 are new, and the microfossil lists a re given below.
The microfacies of Alaska, as in most of the Taimyr-Alaska foraminiferal realm (Mamet, 1962, Mamet and Belford, 1968; Mamet.and Skipp, 1970) , are generally poor in foraminifers and algae. Within the sections of the Lisburne Group of northeastern Alaska studied in this report, 11 foraminiferal assemblages can be recognized and correlated with the Cordilleran and Eurasian Carboniferous zonations (Sando and others, 1969) . showing the well-exposed upper part of the Kayak(?) Shale and the lower part of the Alapah Limestone. View east. Wood and Armstrong (1975) give a detailed analysis of the petrography and diagenesis of the Lisburne Group carbonate rocks in sections 69A-1 and 68A-4A,B for the Sadlerochit Mountains and the Plunge Creek section 70A-4, 5. (Petryk and others, 1970) . The biota is characterized by a great abundance of calcispheres; the genera Calcisphaera, Parathurammina, and Vicinesphaera are the most widespread. These calcispheres are usually observed as single, discrete spherules and show little trace of abrasion. The fragile parathuramminid spines are rather well preserved, particularly where they are coated by algal dust.
Microfossil list
The nature of calcispheres is a controversial subject. It is, however, reasonable to assume that most of them are calcified cysts of algal spores. When they are in situ, they usually form clusters around poorly .calcified thalli (see for instance Radiosphaera, pl. 10, fig. 14, in Mamet and Rudloff, 1972) . This clustering habit was already noticed in the calcispheres of the Shunda Formation by Stanton (1963) ; it is rarely observed in the calcispheres of the Alapah Limestone. Calcispheres also occur in the form of a crown with octameral symmetry; a habit observed among Calcisphaera (Mamet, 1973) . All these smooth calcispheres are finely perforated and have no aperture. They are, therefore, not foraminifers, or probable foraminifers?, as is suggested by most Russian authors (Suleimanov, 1945; Lipina, 1950; Reitlinger, 1957 Reitlinger, , 1960 Bogush and Yuferev, 1962, 1970; Pronina, 1963; Aizenberg and others, 1966; others, 1967, Menner and Reitlinger, 1971) , an attribution accepted by Conil and Lys (1964) , Loeblich and Tappan (1964), and Hallett (1970) .
On the other hand, the nature of the spinose parathuramminid calcispheres remains debatable. Veevers (1970) published a unique photograph of a (!cluster of united cells" from the Famennian Button Beds of Australia, he attributed them, with doubt, to sporangia of Uva Maslov. It is clear, however, that his figure 1, plate 31, represents an in situ cluster of Vicinesphaera, which is closely similar to a cluster of Radiosphaera. Probably neither Calcisphaera nor Vicinesphaera should be considered foraminifers.
Since Vicinesphaera and Parathurammina are closely related, the latter genus might also be removed from the Protozoa. Up to now, no cluster ofParathurammina has been observed, and the «cells'' are always disarticulated. This is true for the specimens from the entire Kongakut River section where the genus abounds. However, the distribution of the algal cyst Calcisphaera and the parathuramminids is strikingly similar. Eighty-six samples collected throughout the entire column of lagoonal sediments were analyzed for distribution of Vicinesphaera, Calcisphaera, Parathurammina, true foraminifers and Pseudoissinella, and Kamaena. The results of this analysis ( fig. 12) show a very close relation between the distribution of smooth and spinose calcispheres, while no correspondence is observed with the other taxa. For more than 305 m of fine-grained pelletoidal carbonate rocks, the ratio of spinose calcispheres to smooth calcispheres is remarkably constant and varies from one-half to one-third. The ratio of Parathurammina to Vicinesphaera is also very constant. Such relations are also conspicuous in the Carnarvon Member of the Mount Head Formation in Alberta and in the Black Marbles of Dinant (VIa) in Belgium.
This close relationship may be the result of mechanical sorting. Indeed, spinose and smooth calcispheres have similar ranges of diameter and of wall thickness. Thus, this worldwide similar association is by no means proof that they have the same biological origin, and algal cysts could very well be mixed with monolocular foraminifers. Until in situ clusters ofParathurammina, similar to those of Radiosphaera or V icinesphaera, are found, the question remains unanswered.
REGIONAL CORRELATIONS ENDICOTT GROUP
The Kekiktuk Conglomerate is absent, owing either to nondeposition or to faulting at the base, from the bottom of section 69A-1, in the west end of the Sadlerochit Mountains ( fig. 13) . The Kekiktuk Conglomerate is absent owing to nondeposition from the eastern Sadlerochit Mountains section 68A~4A, 4B. At the Kongakut River section 71A-3, 4, 5, 6, it is not exposed and is covered by tundra.
The Kekiktuk Conglomerate is well exposed at the base of section 71A-2 on the Clarence River. Here the Kekiktuk rests with angular unconformity on lower Paleozoic (Ordovician or Silurian) arenaceous limestone and is about 100 m thick. It consists of basal· quartz-pebble conglomerate, black carbonaceous shales, nodular limestones and siltstones, and lightgray and brown, thin-bedded quartz sandstone and siltstones and is overlain by the dark-gray Kayak(?) Shale.
The section 70A-7 on the north flank of the large synclinorium east of the Aichilik River contains about 30 m of quartzite conglomerates, sandstones, and shales.
The Kekiktuk Conglomerate in section 70A-2, near the junction of Marsh Fork and the Canning River, is at least 61 m thick. It unconformably overlies the greenish-gray slates and phyllites of the Neruokpuk Formation. The lower 38 m of the Kekiktuk Conglomerate is medium-to massive-bedded pebble conglomerates and sandstones, with quartz and hematite cement. The upper 23 m consists of medium-to thin-bedded quartz sandstone, dark-gray siltstones, dark-gray shales, and thin coals. At the base of section 70A-4, near the Canning River, the Kekiktuk rests with angular unconformity on metamorphic rocks of the Neruokpuk Formation and is about 10 m thick. It consists of basal quartz-pebble conglomerate, black carbonaceous shales, and 5 m of strongly crossbedded light-gray quartz sandstone.
The Kayak(?) Shale is thin, about 15m thick, in the western Sadlerochit Mountains. In section 69A-1 this brownish-gray calcareous unit rests unconformably on dolomites of Devonian age. The overlying basal beds of the Alapah Limestone are lower Chesterian in age, and the thin Kayak(?) Shale is probably lower Chesterian age. In section 70A-4, about 43.5 km to the south ( fig. 13) , the unit thickens markedly and is older; it contains microfossils of Meramecian, Zone 11, age. Approximately 372 m thick, the Kayak(?) is a sequence of dark-gray shales, thin-bedded argillaceous lime mudstones, dolomites, and thin-bedded dark-gray to black cherts. The upper 30 to 40 m of the unit becomes progressively more calcareous upward, and the contact with the Alapah Limestone is gradational.
The Kayak(?) Shale, 18 km to the southeast in section 70A-2, is only about 183 m thick. The predominant rock type is dark-gray shale, with only minor amounts of thin-bedded sandstones, siltstones, and yellow-weathering thin-bedded limestone. The base of the unit is gradational with the Kekiktuk Conglomerate, which contains abundant plant remains. The dark-gray shales of the Kayak(?) Shale change abruptly to the dark-gray bedded spiculitic cherts and dolomites of the Wachsmuth Limestone.
In the Clarence River section 71A-1 (figs. 3, 13) the Kayak(?) Shale contact with the Alapah Limestone is not exposed. The Kayak (?)Shale is about 75 m thick and is composed of dark-gray shales, nodular and lenticular interbeds of thin limestones, and brown to FIGURE 12.-Distribution of Vicinesphaera, Calcisphaera, Parathurammina, true foraminifers, Pseudoissinella, and Kamaena in the of smooth and spinose calcispheres; no correspondence is observed pale-yellow-brown siltstones and sandstones. The Kayak(?) is not exposed at the Egaksrak River section 68A-5. It is absent at the east end of the Sadlerochit Mountains where thin beds of sandstone of the Itkilyariak Formation (Mull and Mangus, 1972; Armstrong and Mamet, 1974) rest directly on the Neruokpuk Formation. Pelletoid-ooid grainstones with microfossils of Zone 16s, Chesterian, age over lie these thin sandstone beds. The composite section, 70A-6 and 70A-7, of the Kayak(?) Shale about 135 km east of section 70A-2 is about 442 m thick; the lower 137 m is dark-gray shale with a few thin lime mudstone beds and nodules. Above this segment is 92 m of highly siliceous, argillaceous, cherty, gray and dark-gray dolomites and limestones. The upper 213 m of the unit is calcareous dark-gray shale and thin-bedded argillaceous dark-gray coralliferous limestones. The contact with the basal Alapah Limestone is gradational.
The lower part of the Kayak(?) Shale is not exposed in the Kongakut River section (71A-3, 4, 5-, 6; figs. 7, 13). The upper part is a dark-gray shale with thin siltstone interbeds followed by thin-bedded argillaceous and chert spiculitic lime mudstones and wackestones. The Mamet, and Dutro (1970) and Armstrong (1972b) 68A-4A,4B Eastern Sadlerochit Mts From Armstrong, Mamet, and Dutro (1970) 69A-1, 70A-5, 70A-2,3, 70A-6, 7 Western Sadlerochit Mts From Mamet and Armstrong (1972) 141' During Meramecian time, the sediments that now form the Sadlerochit Mountains stood as an island or positive area to the shale and shallow-water carbonate sediments being deposited east, west, and south of it.
By earliest Chester time, Alapah Limestone deposition extended over the whole region, including the Sadlerochit high, and the area northwestward to Prudhoe Bay (Armstrong and Mamet, 197 4; Armstrong, 1974) .
The Alapah Limestone varies in thickness, It is generally thinnest in the Sadlerochit Mountains-only 335 m thick on the west end and 278 m on the east end. Armstrong and Mamet (1974) report a thickness about 290 m in the subsurface at Prudhoe Bay ( fig. 2) . At the Clarence River section it is about 260 m thick. The sections to the south are thicker, at Plunge Creek section 70A-4, 5, the Alapah is at least 640 m thick and at the Syncline section 70A-6, about 670 m thick. At the Kongakut River section 71A-3, 4, 5, 6, its original thickness is unknown ( fig. 13 ) because it is cut by the pre-Permian erosion surface, but its remaining thickness is still about 457 m. In general, the Alapah is relatively thick in the central part of the northeastern Brooks Range, thins towards the north flank of the range, and becomes' younger at its base.
A highly characteristic rock type referred to as the lagoonal facies occurs in the southern series of sections in the lower part ofthe Alapah Limestone, Zone 15. It is a thin-bedded dark-gray argillaceous-spiculite-foraminiferal-calcis ph ere-bryozoan-pelma tozoan wackestone and packstone. It is about 70m thick at the Plunge Creek section 70A-4, 5 and extends eastward to the Kongakut River section 71A-3, 4, 5, 6 where it is 260m thick. The beds at the Plunge Creek section 70A-4, 5 are overlain by gray dolomites that contain well-developed stromatolites ( fig. 14) and those at the Marsh Fork section by dolomites with abundant calcite pseudomorphs of gypsum. The basal beds of the Alapah Limestone at the Clarence River section 71A-1, 2 (figs. 3, 13) are dolomites that have very well developed stromatolites, birdseye structures, lithoclasts, and abundant calcite pseudomorphs of gypsum. These beds were deposited in an intertidal to supratidal environment. The suggested correlation of these lower Chesterian carbonate regressive facies is shown in figure 13 .
The Wahoo Limestone in the west end of the Sadlerochit Mountains is only about 122m thick; at the east end of the Sadlerochit Mountains it is 241m thick. The eastward thickening of the Sadlerochit high is apparent at the Egaksrak River section 68A-5 where the Wahoo is 381m thick, and adjacent to the Canadian border at the Clarence River section 71A-1, 2 where it is 314m thick. The Wahoo Limestone on the north flank of the Brooks Range is primarily pelmatozoan-bryozoan wackestone, packstones and grainstones and ooid packstones and grainstones with minor amounts of pale-yellow-weathering dolomites and calcareous arenaceous shales. The ooid facies is generally absent in the southern set of sections studied in the Franklin and Romanzof Mountains. Here the unit is from 183 to 275 m thick, and it consists of medium-to massive-bedded, gray to light-gray, slightly crossbedded pelmatozoan-bryozoan wackestone and packstones, and minor amounts of grainstone. Beds of thin dolomite and superficial ooid packstones are present sporadically. In the southern set of sections, chert within the Wahoo is typically nodular and light gray to brown and generally occurs in the lime-mud-rich (micritic) beds. The contact between the Wahoo and Alapah Limestones is generally sharp, marked by the darker gray, thinner bedded lime mudstones and wackestones and packstones of the underlying Alapah Limestone. The various horizons ( fig. 13 ) containing stromatolites, birdseye structures, microdolomites, and calcite pseudomorphs of gypsum alternate with thick sequences of bryozoan-crinoid wackestones and ooid packstones and grainstones; the whole sequence was deposited in shallow water on a slowly subsiding platform. The intertidal to supratidal beds indicate that, at times, carbonate production on the platform exceeded rates of subsidence.
The Sadlerochit Formation of Permian and Triassic age unconformably overlies limestones of Atokan age, except at the Kongakut River section 71A-3, 4, 5, 6, where it overlies the Upper Mississippian Alapah Limestone. Detterman (1970) Limestone and Sadlerochit Formation represents a hiatus of Des Moinesian through Leonardian and possibly lower Guadalupian time. Where the Sadlerochit lies unconformably on the Alapah, the hiatus includes all of Pennsylvanian time and part of the uppermost Chesterian. Armstrong, Mamet, and Dutro (1970) and Mamet and Armstrong (1972) illustrated the westward thinning of Atokan carbonate rocks in the Sadlerochit Mountains. Mamet and Armstrong (1972) and Armstrong (1972) reported that at many localities the highest few feet of Atokan carbonate rocks beneath the Sadlerochit Formation shows evidence of vadose weathering in the form of enlarged vertical joints and vugs filled with a clay similar to terra rossa. The basal beds of the Echooka Member of the Sadlerochit Formation are conglomerates or conglomeratic sandstone formed partly of rounded chert and limestone pebbles and cobbles derived from the underlying Wahoo Limestone.
Figures 15 and 16 are detailed graphic locations of the measured sections, Clarence River (71A-1, 2) and Kongakut River (71A-3, 4, 5, 6). 
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